Fenugreek (Trigonella foenum-graecum L., Leguminosae) has been widely cultivated in India, China, and Mediterranean countries. From ancient times, the seeds of this plant have been used not only as a spice or favorite food but also an antipyretic, laxative, and strengthening agent. In Chinese traditional medicine, the seeds (Japanese and Chinese name " ") have been prescribed for tonic and stomachic purposes. In the course of our characterization studies on the bioactive constituents of medicinal foodstuffs, 1,2) we have reported the isolation of thirteen furostanol-type steroid saponins called trigoneosides Ia (7), Ib (8), IIa, IIb, IIIa, IIIb, IVa, Va (12), Vb, VI, VIIb, VIIIb, and IX from Indian fenugreek seeds and their structure elucidations.
Fenugreek (Trigonella foenum-graecum L., Leguminosae) has been widely cultivated in India, China, and Mediterranean countries. From ancient times, the seeds of this plant have been used not only as a spice or favorite food but also an antipyretic, laxative, and strengthening agent. In Chinese traditional medicine, the seeds (Japanese and Chinese name " ") have been prescribed for tonic and stomachic purposes. In the course of our characterization studies on the bioactive constituents of medicinal foodstuffs, 1, 2) we have reported the isolation of thirteen furostanol-type steroid saponins called trigoneosides Ia (7), Ib (8) , IIa, IIb, IIIa, IIIb, IVa, Va (12) , Vb, VI, VIIb, VIIIb, and IX from Indian fenugreek seeds and their structure elucidations.
3) Furthermore, we have examined the adjuvant and haemolytic activities of the saponin constituents from Indian fenugreek seeds. Among the saponin constituents, trigoneosides Ia (7), IIa, IIb, Va (12) , and VI were found to show the antibody response in mice, but no haemolytic activity. Particularly, trigoneoside VI showed the potent adjuvant activity, which was stronger than quillaja saponin (QS-21). 4) As part of our continuing studies on fenugreek seeds, we have isolated six new furostanol-type steroid saponins called trigoneosides Xa (1) , Xb (2), XIb (3), XIIa (4), XIIb (5) , and XIIIa (6) from Egyptian fenugreek seeds. In this paper, we describe the structure elucidation of these trigoneosides (1) (2) (3) (4) (5) (6) on the basis of chemical and physicochemical evidence.
The steroid saponin constituents of Egyptian fenugreek seeds were separated by the procedures shown in Chart 1. Thus, the methanolic extract from the seeds was subjected to Diaion HP-20 column chromatography to give the water-, the methanol-, and the acetone-eluted fractions. Next, the methanol-eluted fraction was separated with ordinary-and reversed-phase silica gel column chromatography and finally HPLC to afford trigoneosides Xa (1, 0.038%), Xb (2, 0.031%), XIb (3, 0.0026%), XIIa (4, 0.0071%), XIIb (5, 0.0059%), and XIIIa (6, 0.0075%) together with trigoneosides Ia 3) (7, 0.0095%), Ib 3) (8, 0 .010%), and Va 3) (12, 0.030%), glycoside D 5) (9, 0.023%), trigonelloside C 6) (10, 0.0073%), and compound C 7) (11, 0.021%). Trigoneoside Xa (1) was obtained as a white powder and was deduced to possess a furostanol structure based on TLC examination using the Ehrlich reagent. 8) The IR spectrum of 1 showed absorption bands at 3432, 1072, and 1044 cm Ϫ1 suggestive of oligoglycosidic structure. In the negative-and positive-ion FAB-MS of 1, quasimolecular ion peaks were observed at m/z 919 (MϪH) Ϫ and m/z 943 (MϩNa) Ϫ , which were derived by cleavage of the glycosidic linkage at the terminal deoxyhexose, hexose, and their diglycoside moieties, respectively, were observed in the negative-ion FAB-MS of 1. Acid hydrolysis of 1 with 2 N hydrochloric acid (HCl)-1,4-dioxane (1 : 1, v/v) furnished neogitogenin (13) 9) having 25S-configuration and gitogenin (14) 10) having 25R-configuration in a 2 : 1 ratio. On the other hand, D-glucose and L-rhamnose, which were identified by GLC analysis of the thiazolidine derivative, 11) were obtained on acid hydrolysis of 1 with 5% aqueous sulfuric acid (H 2 SO 4 )-1,4-dioxane (1 : 1, v/v) . Since 25S-steroidal aglycones were known to change to 25R-steroidal aglycones with acid treatment, 3) the configuration at the 25-position of 1 was deduced to be S.
The 1 H-NMR (pyridine-d 5 ) and 13 C-NMR (Table 1 ) spectra of 1, which were assigned by various NMR analytical methods, 12) showed signals assignable to a 5a-frostane- 2a,3b,22x,26-tetraol part [d 0.86, 0.88 (both s, 18, 19-H 3 3) The carbon signals due to the sapogenol moiety in the 13 C-NMR spectrum of 1 were superimposable on those of trigoneosides Ia (7) and IIa (8) having 5a-frostane-2a,3b,22x,26-tetraol 3,26-glycosidic structure.
3)
The 3,26-bisdesmoside structure of 1 was characterized by a heteronuclear multiple bond correlation (HMBC) experiment. Namely, long-range correlations were observed between the 1Ј-proton and the 3-carbon, between the 1Љ-proton and the 2Ј-carbon, and between the 1ٞ-proton and the 26-carbon. Consequently, the structure of trigoneoside Xa was elucidated to be 26
Trigoneoside Xb (2), isolated as a white powder, was also deduced to possess a furostanol structure by the Ehrlich test. The IR spectrum of 2 was found similar to that of 1. of 2 were shown to be superimposable on those of 1, except for the Jϭ6.4, 9. 2 Hz), 3.96 (m)], which showed the 25R-configuration.
3) The 3,26-bisdesmoside structure of 2 was identified by a HMBC experiment, in which long-range correlations were observed between the 1Љ-proton and the 2Ј-carbon, between the 1Ј-proton and 3-carbon, and between the 1ٞ-proton and the 26-carbon. Finally, by comparison of the NMR data for 2 with those for related furostanol saponins, 3) the structure of trigoneoside Xb was determined to be 26
Trigoneoside XIb (3), isolated as a white powder, was positive in the Ehrlich test. Acid hydrolysis of 3 with 5% aqueous H 2 SO 4 -dioxane liberated D-glucose and D-xylose, 11) while gitogenin (14) was obtained by acid hydrolysis of 3 with 2 N HCl-dioxane. The molecular formula C 44 H 74 O 19 Na of 3 was determined from the negative-and positive-ion FAB-MS and by high-resolution MS measurement. In the positive-ion FAB-MS of 3, the quasimolecular ion peak was observed at m/z 929 (MϩNa) 
Trigoneosides XIIa (4) and XIIb (5), which were each isolated as a white powder, were positive in an Ehrlich test.
7)
The IR spectra of 4 and 5 showed absorption bands due to hydroxyl groups. Trigoneosides XIIa (4) and XIIb (5) (Table 1 ) spectra of 15 and 16 resembled those of yamogenin (17) 6b,14) and diosgenin (18), 6b,14) respectively, except for the signals due to the double bond. The 4-en-3b-ol structures of 15, 16, 4, and 5 were confirmed by various NMR experiments, 12) which included a 1 H-1 H correlation between the 3-proton and the 4-proton in due to the sugar moieties in the 1 H-NMR (pyridine-d 5 ) and 13 C-NMR (Table 1) . The 3,26-bisdesmoside structure of 6 was clarified by a HMBC experiment on 6, which showed longrange correlations between the 1ЉЉ-proton and 3ٞ-carbon, between the 1ٞ-proton and the 4Ј-carbon, between the 1Љ-proton and the 2Ј-carbon, between the 1Ј-proton and 3-carbon, and between the 1ٞЉ-proton and the 26-carbon. Consequently, the structure of trigoneoside XIIIa was determined to be 26-O-b-D-glucopyranosyl-(25S)-furost-5-ene-3b,22x,26-triol 
Experimental
The following instruments were used to obtain physical data: specific rotations, Horiba SEPA-300 digital polarimeter (lϭ5 cm); IR spectra, Shimadzu FTIR-8100 spectrometer; 1 H-NMR spectra, JNM-LA500 (500 MHz) spectrometer; 13 C-NMR spectra, JNM-LA500 (125 MHz) spectrometer with tetramethylsilane as an internal standard; MS and high-resolution MS, JEOL JMS-SX 102A mass spectrometer and JMS-GCMATE; HPLC, Shimadzu LC-10AS chromatograph.
The following experimental conditions were used for chromatography: normal-phase column chromatography; Silica gel BW-200 (Fuji Silysia Chemical, Ltd., 150-350 mesh), reversed-phase column chromatography; Chromatorex ODS DM1020T (Fuji Silysia Chemical, Ltd., 100-200 mesh): TLC, pre-coated TLC plates with Silica gel 60F 254 (Merck, 0.25 mm) (normal-phase) and Silica gel RP-18 60F 254 (Merck, 0.25 mm) (reversedphase); HPTLC, pre-coated TLC plates with Silica gel RP-18 60WF 254S (Merck, 0.25 mm) (reversed-phase). Detection was done by spraying with 1% Ce(SO 4 ) 2 -10% aqueous H 2 SO 4 , followed by heating.
Isolation of Trigoneosides Xa (1), Xb (2), XIb (3), XIIa (4), XIIb (5), and XIIIa (6) and Known Compounds (7-12) from the Seeds of Trigonella foenum-graecum L. (1, 191 mg, 0.038%), Xb (2, 183 mg, 0.031%), XIb (3, 13 mg, 0.0026%), XIIa (4, 38 mg, 0.0071%), and XIIb (5, 30 mg, 0.0059%), trigoneosides Ia (7, 48 mg, 0.0095%) and Ib (8, C-NMR) with reported values. [3] [4] [5] [6] Trigoneoside Xa (1) Acid Hydrolysis of 1 Giving Neogitogenin (13) and Gitogenin (14) A solution of 1 (15 mg) in 2 N HCl-dioxane (1 : 1, v/v, 4 ml) was heated under reflux for 1 h. After cooling, the reaction mixture was neutralized with Amberlite IRA-400 (OH Ϫ form) and the insoluble portion was removed by filtration. After removal of the solvent in vacuo from the filtrate, the crude product (15 mg) was purified by normal-phase silica gel column chromatography [1 g, ] to give neogitogenin (13, 4.0 mg, 54.1%) and gitogenin (14, 2.1 mg, 28.4%), which were identified by comparison of their physical data ([a] D , 1 H-NMR, 13 C-NMR) with those of authentic samples.
3)
Acid Hydrolysis of 2 Giving 14 A solution of 2 (15 mg) in 2 N HCldioxane (1 : 1, v/v, 4 ml) was heated under reflux for 1 h. After cooling, the reaction mixture was neutralized with Amberlite IRA-400 (OH Ϫ form) and the insoluble portion was removed by filtration. After removal of the solvent in vacuo from the filtrate, the crude product (15 mg) was purified by normalphase silica gel column chromatography [1 g, ] to give gitogenin (14, 4.4 mg, 88.7%), which was identified by comparison of the physical data ([a] D , 1 H-NMR, 13 C-NMR) with those of an authentic sample.
3) Acid Hydrolysis of 3 Giving 14 A solution of 3 (10 mg) in 2 N HCldioxane (1 : 1, v/v, 4 ml) was heated under reflux for 1 h. After cooling, the reaction mixture was neutralized with Amberlite IRA-400 (OH Ϫ form) and the insoluble portion was removed by filtration. After removal of the solvent in vacuo from the filtrate, the crude product (10 mg) was purified by normalphase silica gel column chromatography [1 g, 
. Acid Treatment of 6 Giving Yamogenin (17) and Diosgenin (18) A solution of 6 (15 mg) in 2 N HCl-dioxane (1 : 1, v/v, 4 ml) was heated under reflux for 1 h. After cooling, the reaction mixture was neutralized with Amberlite IRA-400 (OH Ϫ form) and the insoluble portion was removed by filtration. After removal of the solvent in vacuo from the filtrate, the crude product (15 mg) was purified by normal-phase silica gel column chromatography [1 g, ] to give 17 (3.0 mg, 58%) and 18 (1.4 5375-5377 (1951) ; b) Jain D. C., Phytochemistry, 26, 1789-1790 (1987) . 11) Hara S., Okabe H., Mihashi K., Chem. Pharm. Bull., 34, 1843 Bull., 34, -1845 Bull., 34, (1986 C HO-HAHA), and HMBC experiments. 13) a) The 1-tritium-3-acetyl derivative of 16 was reported on the synthesis from diosgenin (18), 13b) but the physical data was not cited; b) Takeda K., Minato H., Shimaoka A., Nagasaki T., J. Chem. Soc., Perkin Trans 1, 7, 957-962 (1972) . 14) Seo S., Tori K., Uomori A., Yoshimura Y., J. Chem. Soc. Chem. Comm., 1981, 895-897. 
